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[57] ABSTRACT

A low signal margin detect circuit for detecting re-
duced signal levels in differential current switch (DCS)
or current switch emitter follower (CSEF) circuits. The
circuit 1s connected to the outputs of a DCS circuit or to
the output of a current switch emitter follower circuit
and a reference voltage. A signal difference between the
inputs 1s determined and, if less than an established
amount, an error signal 1s generated. The detect circuit
is enabled by a TESTBIAS signal. Two error signals
are developed, ERRORX and ERRORY, which can be
dotted with the error signals from adjacent circuits in
the X and Y directions. This enables detection of the
failing circuit through the use of appropriate error sig-
nal detection devices.

2 Claims, 2 Drawing Sheets
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1
LOW SIGNAL MARGIN DETECT CIRCUIT

'BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to solid state
digital logic circuits and particularly to bipolar, emitter
coupled logic (ECL) circuits. More particularly, the
present invention relates to detection circuits for testing
the operation and integrity of one or more circuit ele-
ments.

2. Background and Related Art

Digital logic circuits in current generation computers
are frequently implemented as VLSI circuits. Bipolar
emitter coupled logic (ECL) circuits predominate and
are found in, for example, the IBM ES/9000 series of
large computers.

Logic circuits have traditionally been implemented as
current switch emitter follower (CSEF) circuits. More
recently, differential current switch logic circuits
(DCS) have been proposed to increasé circuit speed
without an accompanying increase in power. U.S. Pat.
No. 4,760,289 to Eichelberger et al. (commonly as-
signed) for a ““T'wo Level Differential Cascode Current
Switch Masterslice” is an example of such a circuit and
1s 1ncorporated by reference. The DCS circuit de-
scribed in Eichelberger et al. improves switching speed
by up to twenty percent without an increase in power.

Logic circuits, whether CSEF or DCS, are subject to
failure due to VLSI defects. Most such defects lead to
catastrophic circuit failure which can be effectively
modelled by stuck faults. These stuck faults can be
tested with test vectors which propagate the fault to
observable points.

A second class of VLSI defects leads to reduced
signal levels at circuit output nodes. The reduced signal
may be interpreted as either a high value or low value
by the circuits loading it. In the worst case, some loads
may interpret the signal as high while others interpret it
as low. This class of defects is considered untestable and
results in reduced product quality and may affect prod-
uct reliability.

A DCS signal is represented by the difference be-
tween two complementary signals. A VLSI defect,
such as a global short or open, may cause one of the two
outputs to fall to an intermediate level while the other

output is fully functional. The resultant reduced differ-

ence signal or low margin signal, may be intermittent
and untestable.

Prior art DCS systems have addressed this problem
by adding a test biasing scheme to the DCS circuit. The
test biasing circuitry pulls current from nodes internal
to the DCS circuit. This creates problems, however,
because the biasing circuitry even when off slows the
circuit due to the criticality of these nodes to circuit
performance. Inclusion of biasing circuitry also compli-
cates the DC design of the circuit as the test bias current
depends upon power level, circuit type and output dot-
ting. If the outputs are shifted with a shift resistor the
test bias circuit may not be designable due to potential
saturation problems.

SUMMARY OF THE INVENTION

The present invention is directed to a circuit for test-
ing current switch circuits with differential outputs.
The test circuit receives an activation signal, has cir-
cuitry for amplifying the current switch output signals,
circuitry for detecting a difference between the ampli-
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fied signals, and circuitry for signalling an error when
either no difference or a reduced difference between the
output signals 1s detected.

The present invention also is directed to the testing of
CSEF circuits having only a single output signal. The
CSEF circuit is tested by supplying a voltage reference
signal to one input of the testing circuitry and operating
the circuitry as above.

It 1s therefore an object of the invention to provide a
VLSI test circuit that can sense low signal margin con-
ditions.

It 1s a further object of the invention to provide a test

circuit that does not pull current from internal logic
circuit nodes and therefore does not compromise circuit
speed. -
It 1s yet another object of the invention to provide a
testing circuit that can test several connected circuits
and provide a dotted output of test results to a test
analysis device.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of a preferred embodi-
ment of the invention, as illustrated in the accompany-

ing drawing wherein like reference numbers represent
like parts of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating the use of a test
circuit according to the present invention in connection
with a differential current switch (DCS) circuit.

FIG. 2 1s a block diagram illustrating the use of a test
circuit according to the present invention in connection
with a CSEF circuit.

FIG. 3 is a circuit diagram illustrating the preferred
embodiment of the present invention.

DETAILED DESCRIPTION

The preferred embodiment of the present invention
will be described with reference to the above described
figures in which similar structures are represented by
like reference numbers.

F1G. 1 illustrates the use of a test circuit according to
the present invention to test a DCS circuit 10. DCS
circuit 10 can be a two level DCS circuit as shown or
could have three or more levels. Inputs to DCS circuit
10 are shown as two differential pairs, A A" and B B’,
where A’ and B’ are the complements of A and B re-
spectively. The differential outputs of circuit 10 are
OUTT and OUTC. A low signal margin detect circuit
12 according to the present invention receives OUTT
and OUTC as inputs and generates ERRORX 16 and
ERRORY 18 as outputs. TESTBIAS signal 14 enables
the detect circuit.

FIG. 2 illustrates the use of a detect circuit according
to the present invention with a CSEF logic circuit 20.
CSEF circuit 20 has as its inputs signals C and D with
OUTD representing the output signal. Detect circuit 12
receives OUTD as one input and a reference voltage,
Vreras the other input. Output signals ERRORX 16 and
ERRORY 18 are generated when TESTBIAS signal 14
1s enabled.

The low signal margin detect circuit 12 will be de-
scribed in greater detail with reference to FIG. 3. The
circuit is described based on the use of NPN transistors,
however, it will be understood that PNP or other equiv-
alent components could be substituted to perform
equivalent function.
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The DCS differential signal is input to detect circuit
12 on complementary inputs INT 30 and INC 34 corre-

sponding to OUTT and OUTC in FIG. 1 and to Vier

and OUTD in FIG. 2. The detect circuit is enabled by
TESTBIAS signal 14. The differential signal is ampli-

fied on R.;40 and R, 38. When the amplified differen-
tial signal is greater than V. of transistors 42 and 44

current 1s drawn through Rg,4146 causing both outputs
ERRORX and ERRORY to remain low since transis-
tors 52 and 54 remain off.

When the voltage between INT 30 and INC 34 is
equal, no current flows in Reguqr 46 causing both error
outputs to go high signalling an error condition. Out-
puts ERRORX and ERRORY pull up whenever the
detect circult senses a reduced signal level difference
between inputs INT 30 and INC 34. The input level
difference at which an error is detected is adjustable by
appropriate choice of resistor values for resistors R,
Rec and Reguaﬁ

The detect circuit is enabled by TESTBIAS signal
14. This signal is connected to the base of transistors 48,
60 and 56 whose emitters are connected through resis-
tors 50 62 and 358 respectively to voltage V..

Resistors R 38, R 40 and Reyyq7 46 and the collec-
tors of transistors 52 and 54 are connected to voltage
Ve The preferred embodiment uses resistors with the
tollowing values: Regyai=6700 Ohms; Rec=R=11250
Ohms; resistor 30=3000 Ohms; and resistors 58,62
=4000 ohms.

The output ERRORX 1s intended to be dotted be-
tween many DCS detect circuits aligned in the “X”
direction and ERRORY is intended to be dotted in the
“Y” direction (direction “Y” being orthogonal to direc-
tion “X”). The dotting or combination of signals is
accomplished using known techniques. Any circuit
with reduced signal levels will trigger two error lines.
By detecting which X and which Y failed the failing
circuit can be diagnosed since the X and Y values serve
to i1dentify a particular circuit. Reduced signal levels
can be detected even when an ERRORX or ERRORY
line fails, although with reduced diagnostics.

The detect circuit of the present invention has many
advantages. The circuit to be tested is faster because the
test devices load the circuit outputs rather than critical
internal nodes. This novel detect circuit does not rely
on following circuits to propagate signals to observable
points. ,

It will be understood from the foregoing description
that various modifications and changes may be made in
the preferred embodiment of the present invention
without departing from its true spirit. It is intended that
this description is for purposes of illustration only and
should not be construed in a limiting sense. The scope of
this invention should be limited only by the language of
the following claims.

The invention claimed is:

1. A system for testing a plurality of logic circuits
comprising:

a plurality of testing circuits each of which is con-
nected to at least one logic output signal of said
plurality of logic circuits;

~each of said testing circuits including:

means for activating said testing circuit in response to
an activation signal;

means for receiving and amplifying a first input signal
and a second input signal;

means for detecting a difference between said first
and second amplified signals;
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means responsive to said detecting means for generat-
Ing a difference signal;

means responsive to said difference signal for signal-
ling a first and second error signal when said de-

tected difference is below a given signal difference
threshold;

means for combining said first error signal from each
of said plurality of testing circuits in a first direc-
tion;

means for combining said second error signal from
each of said plurality of testing circuits in a second
direction orthogonal to said first direction; and

means for testing said combined signals in said first
and second directions to identify said logic circuit
with said error.

2. A system for testing a plurality of logic circuits

comprising:

a plurality of testing circuits each of which is con-
nected to at least one logic output signal of said
plurality of logic circuits;

each of said testing circuits including:

means for activating said testing circuit in response to
an activation signal;

means for receiving and amplifying a first input signal
and a second input signal;

sald amplifying means comprising:

means for conductively receiving a first voltage po-
tential;

a first and second transistor each having a base, col-
lector and emitter;

sald collectors of said first and second transistors

- being connected via respective resistors to said first
voltage potential; |

said emitters of said first and second transistors being
connected to said activating means; and

said first and second input signals being respectively
applied to the base of said first and second transis-
tors;

means for detecting a difference between said first
and second amplified signals;

sald detecting means comprising:

third and fourth transistors each having a base, emit-
ter and collector;

a third resistor connected to a first connection node
between said means for receiving said first voltage
potential and said collectors of said third and
fourth transistors;

said base of said third transistor and said emitter of
said fourth transistor being commonly connected
to a second connection node between said collector
of said first transistor and said first resistor:

said base of said fourth transistor and said emitter of
sald third transistor being commonly connected to
a third connection node between said collector of
said second transistor and said second transistor:;

means responsive to said detecting means for generat-
Ing a difference signal at said first connection node:;

means responsive to said difference signal for signal-
ling a first and second error signal when said de-
tected difference is below a given signal difference
threshold;

means for combining said first error signal from each
of said plurality of testing circuits in a first direc-
tion;

means for combining said second error signal from
each of said plurality of testing circuits in a second
direction orthogonal to said first direction; and

means for testing said combined signals in said first
and second directions to identify said logic circuit

with said error.
- S * * * - -
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